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Overview of the Los Alamos Neutron Science Center (LANSCE)

Overview of neutron nuclear science at LANSCE
Weapons Neutron Research (WNR)

Manuel Lujan Neutron Science Center (MLNSC, or “Lujan Center”)
A recent science result related to research at Ohio University

Facility improvement scheduled for January 2020
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- . Los Alamos
Los Alamos Neutron Science Center

EST.1943

800 MeV
proton Linac S

P-27 1 km long
operates and

Isotope
does Production
research at 2 Facility
of the 3
neutron

R Proton

facilities at Radiography
LANSCE

Five major LANSCE facilities operate simultaneously
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P-27 Scientific Staff
14 Staff Scientists 7 Postdocs

Aaron Couture
Matt Devlin

Nick Fotiadis
Charles Kelsey (DGL Ops)
Paul Koehler
Hye Young Lee
Michael Mocko
Shea Mosby
Ron Nelson
John O’'Donnell
Eric Pitcher (GL)
John Ullmann
Steve Wender

Vacant (DGL Science)

Jaime Gomez
Keegan Kelly
Alex Long

Chris Prokop
Jack Winkelbauer
Kyle Schmitt
Lukas Zavorka

Currently searching
for two new postdocs
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Nuclear SC|e.nce User Program statistics; Loz Alamos
WNR and LUJan Center NATIONAELSTI..;D;TSORATORY
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LANSCE Neutrons Produced by Spallation ,‘ﬁgA.amos

NATIONAL LABORATORY
EST.1943

800 MeV protons strike a W target, producing a wide
range of high-energy nucleons

These nucleons “thermalize” and lower energy
neutrons and nuclei are produced

Neutron flux can be shifted to lower energies using
H,O or LH, moderators

Proton Beam

WNR unmoderated, E,>500 keV
Lujan Center moderated, E,<500 keV
10 & , , , , , Moderators
s P Fluxes at Instruments ]
10% ¢ S { Neutron <« N targets
o~ 10? S |  Beam
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-------- WNR, 15%, 21.5 m (x—v) Simplified Model of Lujan Center
——— WNR, 90%, 9 m (TPC) .
103 Lujan, 20 m (DANCE) Neutron-Production Target
------- Lujan, 20 m (Mark IV)
10_4 n 1ol n el n Ll n Ll n Ll n Ll
10° 102 103 104 10° 106 107
E, (eV)

UNCLASSIFIED -Nm

National Nu Sex Administrat

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA UNCLASSIFIED | 6



WNR and the Lujan Center are White Neutron Sources;

Neutron Energy Determined by Time-of-Flight . Los Alamos

NATIONAL LABORATORY

EST.1943
Detector, t;
Pulsed proton beam Neutron Low Energy High energy y-rays
production neutrons neutrons
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> © — ——
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Nuclear Science at the WNR ¢
» Los Alamos
En > 500 keV NATIONAL LABORATORY

EST.1943

Proton Beam

Neutron-production target \

Neutron Imaging

High accuracy
fission cross
sections

3D imaging of
defense-

program
parts, fossils,
fuel pins,
scintillators,...
(also FP-5 and
11 at Lujan)

Irradiation of
Chips and
Electronics

=/

i %

&

SPIDER LENZ

e
g

Prompt fission

Low-energy neutron spectrum
(n,z)_cross and (n,n’)
. sections
Fission
fragment
mass yields
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Nuclear Science at the Lujan Center 71 .08 AlAmios
En < 500 keV NATIONAELSTI..;D;ZORATORY

DICER — Device
for Indirect
Capture
Experiments on
Radionuclides

Also SMARTS, HIPPO,

ASTERIX, FP-5, and DANCE -
FP-12 Detector for
b Advanced

Neutron Capture
Experiments

Tightly constraining (n,y) rates on radionuclides is a very
difficult challenge requiring multiple, coordinated experiments
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Chi-Nu Experiment at WNR > Los Alamos

NATIONAL LABORATORY
EST.1943

energy range and/or problems
with systematic errors

Double TOF

Incident E,, via TOF from
neutron source to fission
target (PPAC)

Outgoing E,, via TOF from
PPAC to neutron detector (SLi
glass (22) and liquid
scintillators (54))

1

Goal: Measure the prompt . ~ E‘I’;‘I"‘:\m
fission neutron spectra (PFNS) 2 "B T i/
for 235U and 23°Pu as functions s Literature | , New
of incident and outgoing 5o | data 2 __:EP:NSCE data
neutron energies. 32 | spocr Lien 8 | |
Affects reactivity el e ¢
Past experiments had limited g | “U I \} y

Lfll-_ﬂ 0l .

woow o w1
Incident neutron energy (eV)

wr ot o oW Wt

False floor to reduce room-
return background
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Chi-Nu Initial Results and Future Plans - Los Alamos

NATIONAL LABORATORY

EST.1943

Data taking completed for 235U
Extensive simulations to evaluate 04 S | S -
systematic errors - Lﬁ‘qjl'jsssc;f”jm 235U(n ) 1
Revealed problems with previous 0.35 —— ENDF/B-VIL1- 5 MeV ! TEif‘3-5.0-5.5 MeVJ
. EERPEER ENDF/B-VIL1 - 6 MeV 3
eXperlmentS 0.3 =—— ENDF/B-VIILOB4.1 - 5 MeV e -
] o EPPRES ENDF/B-VIILOB4.1 - 6 Me %%i ]
New method for high-precision o5 LN Unfoling } 7 7
background determination 5 .
£ 02 —
239py data taking ¥z finished > E .
: : £015+ -
235 data analysis nearing o b ]
completion 01 3
Impacted ENDF/B-VIII evaluation 0052111 E
PFNS change at onset of second- _» ; .
Chance f|SS|On T 1 Lot 1 Lo 1 [ B B B B

‘10*2 107"

1
Exploring use fOI’ (n ,n;) Initial Qutgoing Neutron Energy, E (MeV)

measurements
238J(n,n’) important for applications

Contact: Matt Devlin
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TPC: Time Projection Chamber (LLNL) ;Ifc?sAIamos

NATIONAL LABORATORY
EST.1943

1.7

16
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Goal: High precision and accuracy 23°Pu
and 23%U(n,f) cross sections

Resolve discrepancies in previous
“precisely wrong” experiments

*- 1% A8

‘i 2 3 4 5 6 7 é91-0 15 20 30
Neutron Energy (MeV)

P. Staples, K. Morley, Nucl. Sci. Engl, 129, (1998)

Novel detector which should have different
systematic uncertainties compared to
previous approaches

Tracking fission fragments back to their
origin should greatly reduce uncertainties
due to target and beam non-uniformities

Meutron beam

tinide target
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SPIDER: » Los Alamos

SPectrometer for lon DEtermination in fission Research NATIONAL LABORATORY

EST.1943

Goal: Fission-fragment mass distribution
with resolution of one mass unit
Important for radiochemical diagnostics

Based on the 2E-2V Method
Time-of-Flight

MCP-based time pick-offs with
electrostatic mirrors.

100ps (FWHM) resolution per detector
Energy Measurement

Frisch-gridded lonization Chamber

. . 2Et’
0.5-1.0% resolution for fission fragments M = 5
Bragg-curve spectroscopy to determine !
atomic number Z -
Multiple detectors to increase efficiency 5M \/ oF 5’} + (2 ﬂ]
Position resolution to reduce flight path !

uncertainty
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SPIDER Recent Results and Future Plans .Los Alamos

Completed measurements
252Cf spontaneous fission
235U thermal fission (FP-12)

Mega SPIDER under construction
Multiple pairs of arms to increase
efficiency

Future measurements planned at WNR

Contacts: Shea Mosby and Jack
Winkelbauer

(&)
[TTT T[T I T T[T T TTTT]

) = SPIDER
252Cf of &q 3 « England and Rider
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) » 1{ -
_3 ?- ¥l X
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mass (amu)

NATIONAL LABORATORY
EST.1943

Mega SPIDER Under Construction

Meierbachtol et al., NIM A 788 (2015) 59-66
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LENZ: Low Energy (n,z) - Los Alamos

NATIONAL LABORATORY

EST.1943
®* Goal: Measure (n,p) and (n,a) cross sections for defense- 460
program sponsors and nuclear astrophysics o T T
LDRD ER project starts this October 440 Kinematic curve
420 S ' .
° Large solid angle and low detection threshold a0 : of'ﬁ'l:GQ(n',(x)
* Twin Frisch grid ionization chamber coupled with silicon b 380 action - -
strip detectors to measures angles and charged particles = 360 B
as atelescope Em
* Contact: Hye Young Lee LR
300
280
260 B £ b
1 2 3 4 5 6 7 8 9 10
particle energy (MeV)

DE_E plot LENZ detectors with Co-59 target
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-
=
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-ASSIFIED

National Nuclear Security Administration

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA UNCLASSIFIED | 1



ICE: Irradiation of Chips and Electronics > Los Alamos

NATIONAL LABORATORY
EST.1943

Goal: Accelerated testing of failure rates of electronics due to neutrons
Neutrons from cosmic rays interact in the device to produce charged particles
Charged particles cause single-event upset (SEU) (bit flip)

SEU failure rate equal to sum of all other failure rates

WNR flux shape matches cosmic neutron flux
WNR flux is much larger which allows accelerated testing

No reliable model — accelerated testing is crucial

Neutron Flux at Los Alamos and LANSCE/WNR

Deple_:t_lon Region Neutron -
Sensitive\Volume ﬂ l . Neutron spectrum at LANSCE/WNR
Ndimded by 5x10°
L gng 1 1.00E-03 o4,
$ensitive \M
Volume = g 1.00E-04 /
T Recoiling 2 ‘\
Charged Secondaries Nuclear ; 1.00E-05
(protons’ a|phas) Fragment Flux m:'lsurement by Goldhagen 1997 \
at Los Alamos
. . 1.00E-06
Neutron nuclear reaction creates charged particles. \
Charge collects in depletion region causing logic Loom07 | |
upset. 1 10 100 1000

Neutron Energy (MeV)
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ICE: Results and Future Plans . Los Alamos

NATIONAL LABORATORY

EST.1943

Most ICE research is proprietary: ASC| Q-Machine at LANL
Avionics and semiconductor industries 5 S 3
Users pay for beam time

ICE measurements explain 80% of ASCI
Q-Machine failure rate

~3 fails/day

Traced to cache memory that was not
error corrected

New proton-irradiation facility being
planned at LANSCE
Protons are the major threat in space

Raspberry Pi
Thermal neutron beam line at the Lujan
Center being developed

Fuel and people in airplanes moderate
neutrons, which generate a particles via
0B (n,a)

Tinman detector developed by P-27 to
measure thermal neutron flux in flight

Power supplies

Shaping pre-amps

Cylindrical *He
ion chamber

Contact: Steve Wender
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Neutron Imaging at WNR and Lujan Center . LosAlamos

NATIONAL LABORATORY
EST.1943

Goal: Seeing inside thick, dense

objects for defense-program sponsors ) : :
and basic and applied science High-energy neutron radiograph of a portion
Radiographs and tomographs of the 75 million year old New Mexico “Bisti

Beast” tyrannosauroid skull

Isotopic imaging by TOF gating on
neutron resonances

Phase-contrast imaging with cold and
thermal neutron energies

Contacts: Ron Nelson and Sven Vogel

Separate 18W and 238U CT scans of mock fuel pellet

T. Williamson, K. Schroeder, New Mexico
Museum of Natural History and Science
and UNM Albuquerque
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DANCE: Detector For Advanced Neutron- Loz Alamos
Capture EXperimentS NATIONAL LABORATORY

EST.1943

Goal: Neutron-capture cross
sections for very small (~1 mq)

samples for defense-program Schematic neutron-capture
sponsors and nuclear y-ray cascade
astrophysics ——
Detailed y-ray cascade data _,_/_'/ %
Excellent neutron resonance A +n !

“spin meter”

Useful for testing and

constraining photon-strength- Sh

function (PSF) and nuclear-level-

density (NLD) models.

Simultaneous measurement of . JEN

(n.y) and (n.f) A+lz

In coincidence with fission-tag
detector (e.g. PPAC)

y-ray multiplicity helps to
separate (n,y) and (n,f)

Half of DANCE 4r array of 160

BaF, detectors
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» Los Alamos

DANCE: Some Recent Results
(n,y) data on U isotopes demonstrate need DANCE 238U Resonance y-ray
for sizable M1 component to the PSF Multiplicity Data vs. Models
Systematics important for applications =000 238(n.y) =
involving nuclides in this mass region i ’ > 36eVres

* 66eVres

beyond the reach of experiments 1500 + 1026V ros

Contacts: John Ullmann and Aaron Couture

1000

counts

DANCE 2%8U(n,y) Data vs. Models R o
b.‘ L U[n,?}
E:" « Ullmann o )
E ke CGHE W|th SM' ° 1 / y-Ray Energy (MeV)
= CoH, No SM 7
o F I-1 ) .
'8' q#- ENDFEVI Models without M1 Scissors-
- 1 |_— Mode Component in PSF Do Not
@ Agree With DANCE Data
o 107'F
» (C) -
04
Energy (eV)

A LN
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DICER: Device_ for Indirect Cgpture_ fL’ojsAIamos
Experiments on Radionuclides

EST.1943

Goal: Tightly constrain (n,y) cross sections

for nuclides beyond the reach of direct 7 Filters @
measurements for nuclear forensics, i |||
radchem diagnostics, and astrophysics ¢ P | Blank
Three-step approach E% sample T h
1. Measure resonance transmission = T “Lighss
2.  Extract average resonance ot Coimator Detector
parameters via R-matrix analysis
3. Use nuclear statistical model
calibrated with these average g N B e e L e
parameters to calculate o, e 1.0 ?‘*"i}‘ﬁx;&h
ol ﬁw\
0.6 “‘
| @
0.4 = :
) , 0.2 %xx EXPERIMENTAL —
b B ANALYTIC -
ook ool b 1+ v v v L oe vy by by

O  n_TOF
X FZK
4 DANCE
—— TALYS nom. to Dy, S, and {I,) from o,

N 3 2.5 2.0 1.5 1.0
v EMERGY lev)

100 101
En (keV) oivoLASSIFIED
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DICER: Current Status and Future Plans > Los Alamos

NATIONAL LABORATORY
EST.1943

Converting former material-science flight path DICER Data Before and After FP-13 Improvements
Removing neutron guide — largest background 0.10 ——
source 0.08 il 169Tm+r| x Dec_2016
Replaced “cave” near detector with low-mass 0.06 ——rreder
bU|Id|r_19 _ | 0.04
Installing new collimation

. . . . 0.02
Redesigning for multiple flight path lengths

0.00

Test measurements indicate changes made so 122 & 3% 3% 490

far have greatly improved S/N

Need to reduce sample collimator from current
6 mm diameter to <1 mm

Transmission

Exploring radioisotopes that can be produced :
at LANSCE IPF 0.6

130 135 140 145 150 155

88Y appears to be a good candidate and is of
high defense-program interest 11 ¥
I""‘", ‘u..!" .'.'. o el |
Contact: Paul Koehler 1.0 "'1-.‘"33? !
0.9
0.8 ‘ ‘ ‘ ‘
275 280 285 290 295 300
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First Physics Result from DICER “

» Los Alamos

NATIONAL LABORATORY

 Distributions of total gamma widths (I,) for 9’Au With TALYS default LD and PSE
neutron resonances in strong disagreement with — -
— o Y EE
« Two substantial changes to theory can yield o8] X |
reasonable agreement with new DICER data L
1. 198Ay spin distribution 500
2. Distribution of primary gamma widths E Z:

0.3
0.2 Talys LD1 norm. D,=15.54 eV

With Oslo LD andtSF and 2 Changes

o1l Talys PSF1 nom{l‘,)=140.4 mev o
1.0 Sy - ~ O J=1(33) : —O—
= by J=2(44) ) ) , ) . C
0.9 E—\ im. “% w0 100 120 200 220
0.8 X
': 0.7
c 06 Consistency ,
2 05 check of Oslo tof X
o % . i 2
© 04 Oslo case "PP2" Techr“que N A
w E,,, = 0.626 MeV .
. Fails o R
0.3 v=05 ~ o7
0.2 c o8l %
K
0.1 g osf
il
0.0 — : w04 Oslo LD and PSF
60 80 100 120 140 160 180 200 220 0.3 E,,. = 0.626 MeV
l'}f (meV) 02
. 041
Impacts theory (n,y) rates for nuclides beyond measurement o0 .
60 80 100
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New (Mark-IV) 1L Target for the Lujan Center - Los Alamos

NATIONAL LABORATORY

EST.1943
170Tm BBY 55Fe
T T L | T i LR | T T T T T ™1
Large improvement of flux and —~ 103} Ma;‘;'v '::':::’F‘,’;")‘“ x“,x 1600x
resolution for nuclear-science = F|--¥-- 125ns 240,(\)(,»”' ]
= --4-- 30 ns -
research g 2| L+ 1o A ]
Maintains performance for = S X o aex
. . & ~ I N

material science 5 8x X Y ,

. . . g 101 3 ___,;3 -,«--:/-’-'#; ————————— T E
Expected installation in January 5 | . e o SOl
2020 .'IE E v """"""" ¥ ‘:::::"’::::&' | 4 X

% 100 E——¥:::::” """"""""" * 2
i e
Mark [l Mark IV L i
ea 4 10_1 1 1 | | |
10° 10° 102 103 104 10°
E, (eV)
~ AE?
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